The concentrations of nonylphenol and 4-tert-octylphenol were measured in surface waters in the Gulf of Gdansk coastal zone (summer 2010). The mean concentration in the samples of subsurface water were 34.49 ng dm -3 (nonylphenol) and 3.04 ng dm -3 (4-tert-octylphenol). The highest nonylphenol concentrations were detected in the samples of subsurface water collected from the Sea Boulevard (Gdynia) while the highest concentrations of 4-tert-octylphenol were found in the yacht harbor Marina Gdynia, and in the Kacza and Gizdebka rivers. A significant enrichment (13-45 times) of 4-tert-octylphenol was observed in the surface microlayer of water. These levels exceeded the predicted no effect concentration by 2-9 times.
INTRODUCTION
Endocrine disrupting compounds (EDC) are a very dangerous group of contaminants. The group consists of naturally occurring and artificial steroid sex hormones and the substances which can have an effect similar to hormones in live organisms. Among these compounds are alkyl chain substituted derivatives of phenol, the so-called alkylphenols, such as nonylphenol (NP) and 4-tert-octylphenol (OP) (Liney et al. 2006; Woźniak, Murias 2008) .
Alkylphenols are mainly used in the production of non-ionic surfactants and as plasticizers and UV stabilizers in synthetic materials. They are also applied during the processing of fabrics and leather, and as components of defrosting fluids, degreasing compounds, paints, pesticides and cosmetics. Moreover, 4-tert-octylphenol is used in the production of epoxy and phenolic resins, lubricants, adhesives and tires (David at al. 2009 ).
The worldwide production of alkylphenols amounts to ca. 300 thousand tons per year; nonylphenol constitutes 82% of this amount. In Europe 100 thousand tons of alkylphenols are produced annually with the highest production taking place in Germany, Belgium, Switzerland, France and Great Britain. Within the Baltic Sea drainage basin the highest production of alkylphenols is attributed to Poland (the main producer being PCC SYNTEZA S.A. in Kędzierzyn Koźle; 12100 tons in 2003) and Latvia (2 tons) (Ahrens et al. 2007 ).
Rivers and wastewater are the major pathways for alkylphenols loading into the marine environment (David et al. 2009 ). In Europe the highest concentrations of alkylphenols are observed in the vicinity of the outlets of wastewater treatment plants (25 -330 000 ng dm -3 for NP and 2.2 -73 000 ng dm -3 for OP) and in riverine waters (1 -644 000 ng dm -3 for NP and 5 -13 000 ng dm -3 for OP) in Great Britain, Germany, Sweden and Spain (Bachmann et al. 2002) .
Because of their lipophilic character (logKo/w of 4.48 and 4.12 for NP and OP, respectively) alkylphenols can accumulate in live organisms, particularly in fat tissue (Vincent, Sneddon 2009 ). They are also very toxic to vertebrates. It has been proven that chronic exposure to these compounds results in the estrogen effect in fish, birds and mammals (White et al. 1994) . In recent years, abundant information on the subject of feminization and ambisexuality in fish dwelling close to wastewater outlets has become available in Europe, the USA and Japan. This effect occurred during just one generation (Bachmann et al. 2002 , Liney et al. 2006 . The presence of endocrine disrupting compounds (EDC) in the environment is also very important to humans. The prevalence of diseases presumed to be connected to EDC has been increasing. In males this includes testicular cancer, prostate cancer and the abnormal development of male sex organs (feminization). In females the incidence of breast cancer has been on the increase (Woźniak, Murias 2008) .
Recognizing the risks associated with alkylphenols, the European Union introduced in the Directive 2003/53/EC admissible nonylphenol levels (namely, not more than 0.1% m/m) in marketed washing compounds, during the processing of fabrics and leather, and in metal products, pulp and paper, cosmetics and care products. Up to now no restrictions on the production, import, marketing and use of products containing 4-tert-octylphenol have been in force in Europe.
In the Baltic Sea drainage basin only a few studies have been conducted to confirm the presence of alkylphenols. Kannan et al. (2003) detected significant amounts of nonylphenol (6670 -154 000 ng g -1 d.w.) and 4-tert-octylphenol (361 -4320 ng g -1 d.w.) in the sludge from the Gdansk Wschód wastewater treatment plant. Moreover, the same authors found considerable amounts of nonylphenol and 4-tert-octylphenol in sediments collected from the Odra River; the respective mean and maximum concentrations were 232 and 757 ng g -1 d.w. for nonylphenol (Szczecin), and 2.89 and 9.8 ng g -1 d.w. for 4-tert-octylphenol. On the coast of the Baltic Sea (Germany) the measured concentrations of nonylphenol and 4-tert-octylphenol ranged from 2.5 to 13.8 ng dm -3 , and from 0.11 to 0.6 ng dm -3 , respectively (Beck et al. 2006) . In a study conducted on a single water sample collected in the vicinity of Gdynia (Gulf of Gdansk) the determined NP content was 63 ng dm -3 (Lilja et al. 2009 ).
Except for a singular measurement, no studies dealing with the presence of alkylphenols have been conducted in the coastal zone of the southern Baltic. The aim of the work presented here was to conduct preliminary research on alkylphenol concentrations in the coastal zone of the Gulf of Gdansk -as recommended by the HELCOM HOD 27/2008 (Document 3/11) -with particular attention paid to the sites which are potential sources of these compounds.
MATERIALS AND METHODS
Water samples were collected in the coastal zone of the Gulf of Gdansk during the period 8-30 July, 2010 (Fig. 1) . Four sampling sites were located in the river mouth areas (Dead Vistula -Gdansk; Kacza River -Sopot; Gizdebka River -Osłonino; and Płutnica River -Puck), while three sites were situated in the coastal waters of Gdynia, a popular tourist destination (pier in Gdynia Orłowo; Sea Boulevard; and yacht harbor) ( Table 1) . Volumes of 0.5 dm 3 of water were drawn with a bathometer from a depth of 0.5 m, i.e. from the subsurface layer (SSL). At the three sites not located at river mouths additional samples were collected from the sea surface microlayer (SML) using a Garrett screen sampler (Falkowska 1999 ).
Determination of nonylphenol and 4-tertoctylphenol
All solvents (water, acetonitrile and methanol) were HPLC grade (POCH Gliwice, Poland). High purity (97%) 4-tert-octylphenol and 4-nonylphenol were obtained from SIGMA-ALDRICH ® . Stock and working solutions (respectively: 1 mg cm -3 and 10, 25, 50, 75, 100 ng cm -3 ) of each compound were prepared in methanol.
Water samples were collected into glass bottles and stored at +4°C for no longer than 48 hrs. The alkylphenol determinations were performed according to the procedure proposed by Petrovic et al. (2001) . Aliquots of 250 ml of sampled water were filtered through a 0.45 µm pore size filter (CHROMAFIL ® GF/{PET-45/25), and later enriched on CHROMABOND C18ec (6 ml/500 mg) extraction columns using a Solid Phase Extraction kit (SPE CHROMABOND, Machery-Nagel GmbH&CoKG). Extraction columns were preconditioned by washing with 7 cm 3 of methanol followed by 3 cm 3 of water at the flow rate of 1 cm 3 min -1 . Next, the sample was passed through the column bed at the flow rate of 5 cm 3 min -1 . After the enrichment step, the bed was dried under vacuum for 30 min. NP and OP were eluted from the columns with methanol (2 × 4 cm 3 ) followed by evaporation with a stream of nitrogen gas. The dry residue was dissolved in 0.5 cm 3 of acetonitrile.
The final alkylphenol determinations were performed by using a liquid chromatographer (Dionex) equipped with a fluorescence detector (excitation at λ=275 nm and emission at λ=300 nm). Chromatographic separation was conducted on a HYPERSIL GOLD C18 PAH (250 cm/4.6 µm) reversed phase column (Thermo Scientific) with a mobile phase (80% acetonitrile and 20% water) under isocratic conditions.
The recovery of NP and OP, as determined by five measurements in the sample containing a known amount of standard (250 ng dm -3 ) equaled 91% and 84% for 4-tert-octylphenol and nonylphenol, respectively. The obtained precision was below 1.2% as estimated by the coefficient of variation. The limit of quantification, defined as a 10-fold signal to noise ratio, was 1 and 4 ng dm -3 for OP and NP, respectively. During the validation process some difficulties were encountered in relation to non- Vistula river mouth in Górki Zachodnie. Vistula is the main source of pollution inflowing to the Gulf of Gdansk and it is the longest Polish river (1047 km). Its drainage basin in Poland has the area of ca. 194 424 km² (Dynowska 1991) .
Gizdebka River A stream that is 12.5 km long. It originates in the area north-east from Kąpino Górne. The upper part of drainage basin is wooded, while meadows and agricultural fields dominate along the whole stretch of the river. Gizdebka carries municipal wastewater, leacheates from the dump sites located on its banks and agricultural contaminants into the Puck Bay (Mamuszka 1989) .
m inside the river mouth 3 Płutnica River
A stream that is 11.5 km long. It originates in the vicinity of Starzyński Dwór. The river's largest part is surrounded by agricultural land and forest. In the middle part Płutnica is supplied by couple watercourses, tributary originating in the Mechowo area being the largest. Płutnica carries municipal wastewater, leacheates from the dump sites located on its banks and agricultural contaminants into the Puck Bay (Mamuszka 1989 Yacht marina in the vicinity of one of the largest Polish ports. Numerous outlets from stormwater drainage are present. at the shoreline specific background associated with polypropylene columns, so glass columns were used. Similar problems were created by the use of Mili-Q water so it was necessary to use HPLC grade water instead. After eliminating the above mentioned sources of contamination, the obtained background values for NP and OP were below the limit of quantification.
Determination of physico-chemical parameters of the collected water samples
Physico-chemical parameters of water samples (temperature, salinity, pH and oxygen) were determined in situ using a Multi 340i/SET mobile device.
RESULTS AND DISCUSSION

NP and OP in subsurface water (SSL)
The mean nonylphenol concentration in surface waters at river mouths and in the western Gulf of Gdansk (Tricity) coastal zone was 34.49 ng dm -3 and ca. 11 times higher than the mean concentration of 4-tert-octylphenol (3.04 ng dm -3 ). The highest concentrations of nonylphenol were measured in subsurface water collected off the Sea Boulevard (ST6). The highest concentrations of 4-tertoctylphenol were found in water from the yacht harbor Marina Gdynia (ST2) and the Kacza (ST4) and Gizdebka (ST2) river mouths ( Figs. 1 and 2 ). It has been determined that the physico-chemical parameters of water (e.g. salinity, pH and O2; Table  2 ) did not significantly influence the variability of alkylphenol concentrations. The mean concentrations of nonylphenol and 4-tert-octylphenol in samples of subsurface water collected from rivers as well as the sea were at similar levels, i.e. 30.65 and 33.61 dm -3 for NP, and 2.76 and 2.40 ng dm -3 for OP.
Based on the collected data, streams discharging into the Gulf of Gdansk could be a significant source of 4-tert-octylphenol and nonylphenol. Among the investigated rivers, Gizdebka (ST2) was characterized by the highest alkylphenol concentrations. Wastewater is discharged into Gizdebka in the vicinity of Smolno (Figs. 1 and 2) . Moreover, Płutnica (ST3) and Gizdebka (ST2) rivers both receive uncontrolled domestic wastewater discharges from the nearby human dwellings. Run-off from agricultural land can be quite significant in areas where activated sludge from wastewater treatment plants is used as fertilizer. This route for the entrance of alkylphenols into the environment has been described in a number of cases. The high NP concentration of up to 400 ng g -1 in the tissues of sheep grazing in areas fertilized with activated sludge from a wastewater treatment plant in England is one well-documented example of this phenomenon (Stewart et al. 2005) .
Particularly noteworthy is the high NP concentration measured in water samples collected by the Sea Boulevard (ST6) in Gdynia where tourist beaches and sea bathing areas are located. A very warm summer (the warmest one in the last decade) and a large number of bathers in the sea could have resulted in the increased NP concentrations, particularly because alkylphenols are used as emulgators in sun blocks cosmetics and therefore may constitute a significant source of NP (Final Report 2008) .
It should also be noted that alkylphenols may have their origin in distant sources and undergo a long-range atmospheric transport into the Gulf of Gdansk area. The occurrence of long-range transport via the atmosphere has been confirmed by the occurrence of NP and OP concentrations ranging from 7 to 110 pg m -3 in a northern area of the North Sea where no potential alkylphenol sources exist .
The concentrations of NP and OP in the Gulf of Gdansk coastal zone are low in comparison to those reported for Asian countries and the USA (Table 3) Until now, the reported information on alkylphenol concentrations in the Baltic Sea has been very scarce which makes the risk assessment for these compounds difficult. HELCOM has established the predicted no effect concentration (PNEC) value for alkylphenols at < 330 ng dm -3 for nonylphenol, and at < 10 ng dm -3 for octylphenol. The maximal NP concentrations measured in this study were almost four times larger than the PNEC while those of OP were half of the PNEC value. Similar results were presented for the southern Baltic in the HELCOM report; nonylphenol concentrations ranged from 13 to 66 ng dm -3 , much lower than the 330 ng dm -3 threshold (Table 3 ). In the case of 4-tertoctylphenol in the southern Baltic, only one sample collected in the coastal zone of Lithuania was analyzed. The measured OP concentration equaled ) in river mouths and surface waters in the Gulf of Gdansk coastal zone. Table 3 Nonylphenol and 4-tert-octylphenol (ng dm Germany (the River Elbe and its tributaries) 31 13 -53 (summer) 367 -852 (winter) 
NP and OP in the surface microlayer (SML)
High alkylphenol concentrations in the surface microlayer in the Gulf of Gdansk coastal waters and high enrichment factors of the microlayer as compared to subsurface water (0.5 m depth) are noteworthy (Fig. 2) . The concentrations of 4-tertoctylphenol in a microlayer were from 13 to 45 times higher than those in subsurface water collected at the same site. In the case of nonylphenol, the enrichment factors in the surface microlayer ranged from 1.4 to 40 times. Enrichment levels were not determined for samples from the Sea Boulevard (ST6) in Gdynia (Fig. 2) . Compounds displaying hydrophobic properties tend to accumulate in the surface microlayer of water. The enrichment factors of hydrophobic substances reported in the literature range from a couple to a couple thousand folds depending on the compounds' properties and the investigated area (Fuoco et al. 2005) . For example, enrichment factors for hydrophobic substances such as PCBs and PAHs on the coast of Egypt ranged from 1 to 60, and from 3 to 29, respectively (Alexandria Coast, Egypt; Nemr, Abd-Allah 2003), while in the clean waters of Antarctica they ranged from 1.2 to 3.2 (Cincinelli et al. 2005) . In highly urbanized regions, for example in southern Californian harbor areas, PAHs concentrations in SML increased up to 4000 times (Fuoco et al. 2005) .
The high enrichment factors for OP and NP prove the anthropogenic origin of these compounds which have been transported from land into the coastal zone. The enrichment of organic contaminants in the surface microlayer occurred as a result of either surface runoff or dry/wet deposition of aerosols and gases from the atmosphere to the sea surface. The possibility of the transport of these contaminants from the bulk water cannot be dismissed either. It should be noted that OP is the main component of rubber products. Tires abrade against the road surface forming tire dust which undergoes aeolian transport. A particularly high OP concentration in the surface microlayer in the yacht harbor Marina Gdynia (ST7) may indicate desorption of this compound from the paint covering the hulls of yachts and boats (Final Report 2008) .
A microlayer and the hydrophobic compounds present on its surface, such as alkylphenols, may play an important role in the re-emission of these substances from the sea into the atmosphere. Under proper wind and barometric conditions a large volume of aerosols may be produced and transported to the adjacent tourist areas and housing developments. A particularly unfavorable scenario for Gdynia would be the re-emission of 4-tertoctylphenol because each measurement of OP concentration in the surface microlayer obtained in this study was from 2 to 9 times higher than the PNEC value for surface water as determined by HELCOM. Cincinelli et al. (2005) demonstrated that a significant share of organic substances present in marine aerosols take part in the snow cloud formation which can transport contaminants over long distances.
Lower enrichment of NP in the microlayer as compared to that of OP may be a result of the different properties of these compounds. Nonylphenol is more hydrophobic and probably more likely to bind to suspended matter. Cincinelli et al. (2005) demonstrated that the enrichment of hydrophobic compounds (PAHs, phthalates and nalkanes) in the SML was a couple times higher in the particulate phase than in the dissolved phase. This tendency increased with the increasing hydrophobic properties of the compounds.
CONCLUSIONS
The first series of measurements conducted in the Gulf of Gdansk coastal zone in the summer showed low concentrations of nonylphenol and 4-tertoctylphenol in subsurface water at a depth of 0.5 m. None of the concentrations of both compounds exceeded the PNEC value that has been determined by HELCOM to be non-hazardous for the aquatic environment (PNEC for NP and OP is <330 and <10 ng dm -3 , respectively). However, a significant enrichment in the surface microlayer, particularly of 4-tert-octylphenol, was observed. In fact, each measurement exceeded the PNEC value. Substantial sources of 4-tert-octylphenol and nonylphenol in the Gulf of Gdansk coastal zone might have been small streams discharging local contaminants, and tourism and recreation related activities in the coastal belt.
The presented study describes the initial investigation of the occurrence, transport and distribution of alkylphenols in the Gulf of Gdansk. It is necessary to conduct further measurements including those of surface sediments and organisms from different trophic levels, particularly in light of the fact that until now pathways of exposure to alkylphenols in humans have not been determined.
